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Figure l & r  An error In the curve far Model - 0 , L  ha6 been corrected 
in the figure below, which should replace figure 4 in the published 
copy of this paper, This revision in no way affects the results or 
conclusions presented, 
.I 
0 
“I 
\Airplane CL = 0.25 to 0.80’ 1 
- P  .- 
.6 .? *. 8 .9 LO 1.1 I. 2 
’Mach number, M 
figure 14- Comparison df dC ~ C L  obtained between 
m/ 
model and airplane. Center of gravity at 236 MAC. 
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By Vernard E. Lockwood 
An investigation was made to determine the lateral-control 
characteristics and the pitching-moment characterist ics of a =- scale 
model of the X-1 wing-fuselage configuration. me tests were made i n  
the  transonic speed range from a Mach n-er of 0.60 t o  1.15 in the 
Langley high-speed 7- by 10-foot tunnel  utilizing  the  transonic blrmp. 
Comparisons are include6 between available  f l ight data and wind-tunnel 
results. 
1 
The resul ts  of  the lateral-control investigation showed that the 
rolling  effectiveness wried w i t h  Mach lluIziber. i n  a manner similar t o  
the fl ight-test  results at Mach  numbers between 0.6 and 1.06. There 
were differences, however, Fn the abeolute values which might be 
accounted f o r  in par t  by the gap conditions at the nose of the aileron; 
the aileron of the model i s  sealed, whereas that of  the airplane is 
unsealed. The measured slopes of the pitcWhg-moment curves of  the 
model also varied  with Mach nllciber i n  a manner similar to that obtahed 
on the airplane. There were differences i n  the absolute values of the 
slopes but the data  from the model were not direct ly  comparable x t t h  
the data from the airplane. 
I r n O r n T I O N  
An investigation was made at  transonic speeds to determine the 
lateral-control and pitching-moment characteristics of  a scale model 33- 
UNCLASSfFIED . 
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Two sirnilas w 3 . q  models were used in the inveetigation, having an 
aspect ra t in  d. 6.0, t q e r  ra t io  0.5, and an unswept 40-percent-chord 
line. The w i n g s  had RACA 65-108 a t r f o F 1  sections and a €wis t  dis tr i -  
bu€ion corresponding t o  lo af w a a h o u t .  One wing was conetructed with 
a 15-percent-chord  aileron and the other, with an additional twist 
with l i nea r  variation f r o m  root to t i p  corresponding t o  4.72O of washin 
a t  the t i p .  Dang?ing-in-rall characteristics were obtained on the 
assumption that  the damping moment of a r a U r  wing would be equal 
t o  the mlJ-ing moment produced by the  addition of linear t w i s t  along 
the span. 
The aileron row effectiveness has been calculated and a 
comparison w i t h  flight data is given up to a ~ a c h  nmiber of 1.06. 
Comparisons of the pitching-moment characteriatica and l a t e ra l   cede r s  
of pressure w%th fl ight  data are also included. 
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spanwise dlatarrce f m  plane of Bpmetry 
effective dynamic prearrure over apan of  nmdeI., 
pounds per square foot  ($&) 
afr dena-lty, slug per cubic foo t  
free-stream velocity, feet per second 
M effective Mach n-er over span of model 
R Reynolds number of wing ba8ed on e . .  
U angle of attack, referre& to wing root-chord Une, 
degrees 
E& d e r a n  deflection, posftive when trailing edge is down, 
degrees 
P*V wing-tip helfx angle,. r&&ns 
P -rate of  roll correspond3.n.g t o  a given afrspeed, 
radians per second - 
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MolEL AND APPARATUS 
The investigation was per fomd on a 1 - scale ~ d s p e ~ n  mdel of 
L 28 
the X - 1  airplane wing-flwelage c-ination. In thh Fnvestigstion two 
I 
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wing models were used, one to obtain the aeradynamic character is t ics  in  
pitch and the aileron effectiveness, and the other, to determine the 
damping-In-roll coefficient. The details of the basic wing-fuselage 
c d i n a t i o n  are shown i n  figure 1. 
The ailemn of  the control model was sfrmhted by cutting the 
s t e e l  wing at the proper spanwise stations from t r a i l i ng  edge t o  
aileron hinge line (85-percent-chord l ine)  and cutt ing grooves of 
- inch width along the hinge l b e  on both the umer and lower 32 
.surfaces of the wing as is shown in the typical section of figure 1. 
The fiesired  aileron  deflection was obtained by bending at the  aileron 
hinge line. The grooves were faired over with wax t o  eliminate breake 
i n   t h e   a i r f o i l  contours, thus s-ating 8 plain  sealed  aileron. . \ . .  
The demping-fn-rolJ. m. was twisted so aa t o  provide an addi t iona l  
angle-of-attack  distribution which varied  linearly along the  pan of the 
model. The measured twist is shown in figure 2 and corresponde to 4.720 - 
o f  washin a t  the t i p .   ( I t  should be noted tha t  the basic model had 10 
of  waehout.) 
.. . 
1 
The half fuaelage used in  the  investigation was made of bras6 and 
w a s  bent to conform t o  the bung contour as ahown i n  figure 1. The 
w i n g s  were interchangeale _on this fwelage. The ordinates of the 
fueelage, which, i s  a syl inder  of revolution, axe given ip table I. 
A five-component balance of  the strain-gage "pe WBB installed 
beneath the surface of  the bump and measured forces aad k e n t s  with 
respect t o  the w i n d  exes. 
!be models were tes ted   in   the  Langley high-speed 7- by IO-foot 
tunnel  uti l izing  the flow f i e l d  over t he  transonic bump t o  obtain 
Mach e e r s  from 0.6 t o  1.15. 'pypical -contours of local Mach  number 
in the vicini ty  of the model location on the bump are s h o k  i n  figure 3. 
It is  seen that there was a Mach number variation of about 0.08 over the 
model semlspan at low Mach numbers and about 0.12 at the highest test 
Mach numbers. The chordwise Mach  number variation was generally lese 
than 0.02. No attempt haa been made to  evaluate  the effects  of this 
chordwise and spanwise Mach  number vaziation. The effective t e s t  
Mach nuniber m e  obtalned from .contour charts eimilar to those presented 
i n  figure 3 using the rela-tiQnship 
" . 
Y 
M = -  2 
S ma dy 
5 
The variation  of mean Reynolds number with t e s t  Mach nuzllf3er is 
shown i n  f i v e  4. The boundaries i n  the figure are an indication of 
the probable range i n  Reynolds number caused by variations in a b s -  
pheric condition8 i n  the course of  the investigation. 
Reflection-p&ne correc&ion-fWtare, which account for  the cany-  
over of load t o  the other wing, have been applied to the a l lemn data 
and the damping-in-roIJ bta. . The correction factors, which axe 0.87 
f o r  the afleron data asd 0.89 for  dmping-ii-rofi data, +re determined 
by using span l ~ s d i n g e  obtained from reference 1. The variation of 
these correction Yactors uith Mach nmber i s  not knownbut it i s  thought 
tha t  the correction approaches .zero at a Mach  nwnber of  1.0. The error 
caused by neglect-  the  effects of  Mach number on the reflection-plane 
corrections, however, is allevtated somewhat if the damping-in-roll and 
aileron-effectiveness .data a r e  used in conjunction w i t h  each other. 
The t e s t s  were conducted at conetant values of a and 6, from a 
Mach  nlllnber of 0.60 t o  1.15. Aileron deflections o f  Oo, so, and f12O 
were investigated. The angle of  attack'was vsried from 00 t o  100 
i n  20 increments. 
m e  results of  the investigation are presented i n  the following 
figures : 
Figures 
Aerodynamic characterietics i n  p i tch  
Aileron  characteristics . . . . . .  
Damping-in-roll characteristics . . 
Estimated ro l l i ng  effectiveness ; . 
Summa- data: 
Lift_curve  slopes . . . . . . . .  
Pitching-moment characteristice . 
Lateral centers of pressure . . .  
. . . . . . . . . . . . . . .  5 
. . . . . . . . . . . . . .  8, 9, 10 . . . . . . . . . . . . . . .  ILL 
. . . . . . . . . . . . . . .  6, 7 
. . . . . . . . . . . . . . .  I 2  . . . . . . . . . . . .  13, 14, 15 . . . . . . . . . . . . . . .  16 
Lateral-Control  Characteriatice 
The summary of aileron characteristics ( f ig .  7) shows 'that the 
aileron  effectivenesa waa considerably  affected by angle of  at tack and 
Mach number. The aileron effectiveness generally decreased with Mach 
number above M = 0.8; however, the effects were mre pronounced at 
the lower asglee of attack than at the higher angles. For example, 
a large loss i n  effectiveness occurred between M = 0.90 and M = 0 . 9  
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for  a = 20, whereas a t  a = 60 the LOSS was d i n  comparison. 
These character is t ics  resul t  in  showing increasing values of  CQ, 
with increase of a at M = 0.92 o r  above, ae rea i i  a t  lower Mach 
numbers, C decreases with -le of attack. 
Q a  
The aileron  effectiveness obtained agrees fairly w e l l  with low- 
speed data on the X-1 lO-percent-.thick w i n g  (unpublished data) as shown 
i n  figure 7. 
In  addition to the aileron effectiveness Cz6,, the damping-in-roll 
coefficient of a wing C z p  must be known before estimations can be 
made of  the airplane rate af roll. The difference i n  rolling moments 
of the untwisted wing and the twisted ving, o f  which figure 8 l e  
typical, is a measure of the damping. The assumption is made that the 
damping moment of  a steady roll ing wing wil be equal t o  t h e  rolling 
moment r ed t ing  f’ram a linear variatiun of twist along the span. The 
damping-moment coefficient in roll is therefore: 
where the additional wing twist represents a pb/W of  0.0825 radians 
and 0.87 is the reflection-plane correction factor.  
A comparison of  the theoretical values of C2 obtained f r o m  P 
reference 2 w i t h  the experimental results shows good agreement up 
t o  M = 0.85, f 9. !be damping i n  roll remained f a i r ly  high 
throughout the Mach nmber range and, as might be expected, varied 
i n  a manner similar to lift-curve slope. The a i m i h r i t y  I s  apparent 
i n  figure 10 where the r a t i o  of C r ,  or  Czp at aqy Mach number t o  
i t s  respective.value at a Mach number of  0.6 i s  given. 
An ea tha t ion  of the rolling effectiveness of the aileron-wlng 
configuration i s  given in figure U. usfng the afleron effectiveness 
and damping i n  r o l l  experimentally determined. A camparison i a  also 
given with the flight resu l t s  from references 3 and 4 up t o  a Mach 
number of  1.06. The flight data are on a 10-percent-thick wing. The 
ea tba ted  values of  are greater the flight values but the 
. I 
. 
I 
L 
- 
R part of the difference in  the value S 
7 
obtained on the model and the aflplane e y  be the resul t  of the' gap 
conditions a t  the nose of  the aileron. The of the  airplane is 
unsealed, whereas the model aileron is effectively sealed. Front previous 
investigations a t  low Mach nunibera it is knawn that an unsealed  aileron 
g ives  lees  e f fec t ivwse  than a sealed aileron. Reference 5 shows tha t  
as aileron of corresponding size would be only 65 percent as effect5ve 
as a sealed aileron. If thfa  a c t o r  were applied to the wind-tunne3. 
data, the agreement with f l i g h t  data worild then be relatively good at 
subsonic Mach numbers. There is  also evfdence, reference 6, that a 
difference in  effectiveness exists at supercrit ical  Mach nmibers, 
although these data are for a swept wing KL.th a circular-arc   a i r foi l  
section. 
A small part of the d i f f e r e v e  fn between flight and wind- 
2v 
tunnel data may 00 be at t r ibuted to wing flexure, and a minor pmt,  
t o  aileron C O R ~ ~ U ~ .  Aileron deflection causes a t o r s i o n a l  moment that 
tends t o  h i s t  the wing, resulting in reduced r o l l i n g  effectiveness. 
The airplane wing wauld twist more than the very rigid, solid, steel 
w i n g .  It has been estimated fram reference 7 tha t  a reduction factor 
of 31 percent Bhould be applied t o  the tuMel data at  M = 0.80 f o r  
correa-pondence xlth flight conditione. TG Gael  ha^ a true contour 
aileron w i t h  a cusp d may have had slightly greater effectiveness 
-than the flat-sided aileron on the .airplane. 
2 
Aerodynamic Characteristics in Pitch 
IIsle lift-curve  slopes obta.ined from the data of the present 
investigation, figure 5, are cirmpared w i t h  those obtained from other 
sources in figure 12. 'Ifhe agreement af lift-curve slopes obtalned 
between the model of the present fnvestigation and some unpublished 
data on a 40 - scale bmq model i s  excellent. In the subsonic speed 
range the experimental Uft-curve slopes also agreed very well with 
theoretical  slopes obfahed from reference 2.: A point from an 
investigation of  a scale d e l  (10-percent-thick wing) at  M = 0.35 
(mpubliahed &$a) ia .included in  figure 12 f o r  cowarison. 
1 
F-  
The variation of dCddC~ w i t h  Mach nmiber ahown i n  figure 13 for 
the model wbg-fuselage cambLnation is large? and iqregular, especfallg 
a t  law lift coefficients. The data, uhich are fo r  a center-of-gravity 
location of 25 percent mean aerodpamic chord, show a rearward shif"t 
of the aerodynmlc center from 15 to X) percent of the mean aemdynemic 
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chord between Mach nunibem of o.$o to 1.05. A forward-ahift of the 
aerodynamic center occurs between a Mach number of 0.85 and 0.88 for 
a CL = 0. A t  lift coefficients i n  J;he normal operating range of the 
airplaxte (CL = 0.20 or  above) the tendency for  the forward s h i f t  i s  
not evident. 
A comparison of dCm/dCl from the present investigation with 
the results of unpublished flight tests at the HACA High-Speed Flight . 
Research S ta t ion   a t  Edwards A i r  Force Base ,  C a l i f . ,  on the 8-percent- 
thick wing i s  .presented i n  figure .14.. Thes-e- (iat~-_.s~oW.tmt the. Yari- 
t ion  of dCm/dCL with Mach  nwnber f n  the model W ~ S  similm to  tha t  
obtained with the airplane. There was, however, a ConsLderable differ- 
ence in absolute magnitude of dC,/dl=~ ' between model ELnd airplane. 
The resu l t s  are not directJy copsparable because the flight data are 
given  for a l i f t  coefficient wh ich  varies from values of 0.25 t o  0.80, 
whereas the wind-tunnel data are fo r  a lift coefficient of  0.40. P a r t  
of the difference Fn dCm/dCL may be attr ibuted to experhtental  
accuracy. The probable  accuracy  of dCm/dCL fo r  the wind-tunnel 
data is f0.02. The accuracy of the flight data appears to be less, 
particularly  near a Mach number of 0.9 where there is a large  scat ter  
in  the data.  . . . .  ". . . . . . . . . . . . . . .  - . . .  " 
. ." 
. 
A comparison of the  tai l-off pitchlng-moment coefficients is given 
i n  figure 15 between the model of  the present  Investigation and the 
flight results on the 8-percent-thick wing, reference 8. The tail-off 
pitching-moment coefficients of the airplane w e r e  calculated f r a m  the 
horizontal-tail  loads measured i n  flight fo r  a center of gravfty which 
varied From 22.1 t o  25.3 mean aerodynamic chord. The pivot point of 
the model was at 25 percent mean aerodynamic chord. The model results 
are i n  good agreement Kith flight resul ts  as to the  variation of 
pitching-moment coefficients  with Mach numbe_r, but- me. values- of Cm 
for  the wind-tunnel data are considerably more -negative. Part of  the 
difference might be at t r ibuted  to  the pitching momnts caused by the 
drag of the empennage. . .  . . . . . . . .  - 
The lateral center of pressure of the wing-fuselage cambination 
remained f a b l y   c l o s e  to the 40-percent-span s ta t ion throughout the 
Mach  number range tes ted aa is mown i n  figure 16. Urqubliahed data 
from flight tee t s  at the N M A  High-speed Flight Reeearch Station 
a t  Edwards Air Force Ba8e, Calif ., gave a lateral center of pressure 
of 42 percent span for  the  airplane based on the wing outside of the 
fuselage in contrast t o  the model data which are given about the wing 
center l ine.  The airplane data were d e t e d n e d  fram s t r a in  gages 
mounted on the wing near the wing-fuselage Juncture. 
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The resul ts  of wind-tunnel t e s t a  of a B-  = scale mdel of the 
airplane to determine the lateral-control characteristfcs and 
aerodynamic characteristics in pitch of the wing-f'uselage configu- 
ration at- transonic  speeds  indicated  the following conclusions: 
1. The estimated variation of  rolling effectiveness with"ach 
nmfber w a s  slmflar to that achieved in flight on a 10-percent-thick 
able part of the af-fference might be cawed by the gap conditions a t  
the nose of the aileron; the aileron of the model is sealed, whereas 
that  of the Rfrplane €e unsekled. A Large loss  of  aileron effective- 
ness, which was most pronounced f o r  a low angle of attack, occurred 
between Mach  numbers' of 0.90 and 0.95. A t  subsonic f i c h  e e r s  the 
damping in  r o l l  obtafned- experimentally was in good agreement wlth 
theoretical  results.  The demping coefficient slmwed a variat ion w i t h  
Mach m e r  a-ar to that  obtained ~Lth the lift-curve  slope. 
- wing,  although  the  flight data showed lower effectiveness. A consider- 
2. The slopes of the wfng-fuselage pitching-moment-coefficient 
curves  varied  with Mach nmber In a manner similar to that obtained 
on the airplane. There were differences i n  the values of  the slopes 
but the data were not directly comparable because the actual value of 
the airplane lift coefficients were unknown. 
Lmgley  Aeronautical Laboratory 
National  Advisory Committee f o r  Aemnautica 
Lsngley Air Force Base, Va. 
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Figure 1. - General arrangement of x- scale model of .the X-1 airplane 1 
KLngrFuselage ccrmbination. 
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Figure. 2.- A d f i t l o n a J .  twiet of damping-fn-roll model. 
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Figure 3. - Ty-pical Mach number contours over transonic blnnp in region of 
model location. 
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as determined f r o m  t e s t s  of 8. twisted wlng. 
(9 I II I .2 
.8 
.4 
0 
.6 .7 .8 .9 1.0 1. I 1.2 
Mach number, M 
, .  . . . .  
pb/2V 
80 
.004 
0 
Estimoted 
- 0- Flight (reference 3 and 4) 
.6 .7 .0 .9 10 1.1 
Mach number, M 
12 
Pjgure 11.- Comparison of estimated v d m e  of vith those ob-iiained 
from f l a t  tes t6  at CL = 0.23. 
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Figure U.- Cceqp~ i~on  f Uft-curve a h p e e .  
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Figure 13.- Effect of liFt on d C m / d C ~  fur the model wing-fuselage 
combination. Center of gravity at 0.25 mean aerodynamic chord. 
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Figure 14.- Comparison of dCddCl obtained between mdel and ai rp lane.  
Center of gravity at 0.236 mean aerodynamic chord. 
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F w e  15.- Variation of p i t ch ing -men t  coefficient with Mach number for 
the wing-fieelege combination at CL = 0.22. 
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Figure 16.- Variation of  lateral ceder  of p re sme  of ving-fuaelage 
cambination vim Mach number. 
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